Abstract. Dolichopodidae (long-legged flies) is the world's fourth largest dipteran family, but a phylogeny based on a broad global taxon sample is still lacking. We present here a first molecular phylogenetic hypothesis for Dolichopodidae, based on 157 dolichopodid species in 68 genera and 15 subfamilies from the Old and New World, and seven empidoid species (Empididae, Hybotidae) as outgroups. Both relatively fast-evolving mitochondrial markers (COI, 12S, 16S) and a more conserved nuclear marker (18S) were used, the latter being widely employed to study the phylogeny at higher taxonomic levels. We present strong evidence for Microphorinae as sister group to Dolichopodidae sensu stricto, and for the monophyletic Parathalassiinae as part of Dolichopodidae sensu stricto. Monophyly of Achalcinae, Dolichopodinae, and Sciapodinae is supported and Stolidosomatinae are placed within Sympycninae. Diaphorinae, Medeterinae, Neurigoninae, Rhaphiinae, and Sympycninae are paraphyletic, and Hydrophorinae and Peloropeodinae polyphyletic. Our broad taxon sample allows us to gain new insights into the complex systematics of Dolichopodidae. Our results highlight several problems with the traditional classification, which have considerable consequences for the systematic status of some taxa. The poor resolution observed in deep divergences supports previous hypotheses suggesting a rapid early radiation of Dolichopodidae.
Introduction
With over 7100 species worldwide, long-legged flies (Dolichopodidae) represent one of the most diverse families in the order Diptera. Only Limoniidae (over 10 300 species), Tachinidae (over 9600 sp.), and Asilidae (over 7400 sp.) comprise more described species (Pape et al. 2009 ). The real species number is supposed to be much higher, especially in the tropics, where dozens of new taxa are discovered every year (e.g. Bickel 2009 ). Due to their specific habitat requirements, Dolichopodidae show high potential as bioindicators (Pollet 2009 ). Moreover, their elaborate courtship behaviour and conspicuous male secondary sexual characters provide excellent opportunities to study sexual selection and speciation .
The classification of dolichopodid species into subfamilies is mainly based on traditional morphological research, and a generally accepted systematic concept is currently missing. Within Dolichopodidae, 14-21 different subfamilies have been proposed (Table 1) , depending on the respective authors (see Brooks 2006; Bernasconi et al. 2007b; Pollet and Brooks 2008) and some subfamilies are highly controversial (Yang et al. 2006 ; see Sinclair et al. 2008) . Overall, the present systematic structure of Dolichopodidae is still largely based on Robinson (1970) with the incorporation of five major recent changes: (1) Bickel (1986) transferred Systenus to Medeterinae; (2) Bickel (1987) described the new subfamily Babindellinae; (3) Grootaert and Meuffels (1997a) erected the new subfamily Achalcinae; (4) Yang et al. (2006) recognised Antyxinae and Kowmunginae (but see also Sinclair et al. 2008) ; and (5) included Microphorinae and Parathalassiinae into Dolichopodidae sensu lato.
The first insights into the phylogeny of the subfamily Dolichopodinae with molecular methods were gained by Bernasconi et al. (2007a) , who investigated the phylogenetic structure of European Dolichopus Latreille, 1796 and Gymnopternus Loew, 1857, using cytochrome c oxidase subunit I (COI) and cytochrome b (Cyt b) as molecular markers. In the same year, a first attempt to unravel the phylogenetic structure of the entire Dolichopodidae was published by Bernasconi et al. (2007b) based on COI and 12S sequences, and 101 European species from nine subfamilies. Moulton and Wiegmann (2007) found strong support for the monophyly of Dolichopodidae within their phylogenetic hypothesis of Empidoidea. Further investigations (Germann et al. , 2011 Pollet et al. 2010 ) added more genera and species as well as additional markers (16S and ribosomal internal transcribed spacer 2 (ITS2)). They focussed on phylogenetic and systematic aspects within the Dolichopodinae, and the genus Argyra Macquart, 1834 (Diaphorinae). Recently, Lim et al. (2010) presented a molecular phylogeny of Dolichopodidae based on species from the Oriental region. This study provided strong support for the monophyly of an aphrosyline lineage beyond Hydrophorinae, and suggested the polyphyletic nature of Peloropeodinae.
In the present paper, we provide the first comprehensive phylogeny of Dolichopodidae from the New World, and the Palaearctic and Oriental regions. Our taxon sample includes species from 15 of the 17 currently recognised subfamilies (Pollet and Brooks 2008) . Only the endemic Australian Babindellinae and New World Plagioneurinae are missing. The present set also comprises species assigned by some authors to subfamilies such as Aphrosylinae, Kowmunginae, and Systeninae that are widely questioned or no longer accepted. Therefore, from all debated subfamilies only Antyxinae is missing from our dataset. We included several lineages of Empididae and Hybotidae as outgroup taxa.
The mitochondrial markers we used here are widely accepted and used in phylogenetic reconstructions within insects, and within Diptera in particular (e.g. Meier and Wiegmann 2002; Kutty et al. 2007 Kutty et al. , 2008 Kutty et al. , 2010 Petersen et al. 2007; Su Feng Yi et al. 2008) . These markers were repeatedly used within Dolichopodidae and provide good resolution at subfamily, generic and species level (e.g. Bernasconi et al. 2007b; Lim et al. 2010) . The nuclear 18S marker is generally accepted as providing resolution at higher systematic levels and has therefore been used to infer, for example, phylogenetic relationships within Lepidoptera (Wiegmann et al. 2000) , within holometabolous insects in general (Whiting 2002) , and within Calyptratae (Diptera) (e.g. Kutty et al. 2008 Kutty et al. , 2010 .
With this study, we intend to propose a first robust molecular phylogenetic hypothesis and to test the current, morphology-based dolichopodid classifications (e.g. Robinson 1970; Pollet and Brooks 2008) . We focus on different taxonomic levels (generic, subfamily and between-subfamily) in order to provide a comprehensive phylogenetic basis for future projects on this fascinating group in various fields ranging from morphology to ecology and evolutionary biology.
Material and methods

Taxon sampling
In total, 164 species were used (Appendix 1), with 157 species from 68 dolichopodid genera (%30% of all genera worldwide) as ingroup, representing 13 subfamilies of Dolichopodidae sensu (Table 2) . Sequences from Oriental species were retrieved from GenBank and previously published by Lim et al. (2010) . As plausible outgroups Moulton and Wiegmann 2007; Pollet and Brooks 2008; Lim et al. 2010) , seven empidoid species were selected, representing four subfamilies of Empididae (Clinocerinae, Empidinae, Hemerodromiinae, Trichopezinae) and three subfamilies of Hybotidae (Hybotinae, Ocydromiinae, Tachydromiinae). All samples were conserved in 100% ethanol at À20 C.
DNA extraction, amplification and sequencing DNA was extracted from fly specimens using a DNeasy Tissue kit (Qiagen AG, Hombrechtikon, Switzerland) following the manufacturer's instructions. Entire specimens were first mechanically triturated in a microtube using a 'TissueLyser' (Mixer Mill MM 300, Qiagen AG, Hombrechtikon, Switzerland). After digestion with Proteinase K (20 mg mL -1 ) samples were applied to the columns for absorption and to wash DNA. Finally, the DNA was eluted in 200 mL of the buffer from the kit and stored at À20
C. Standard PCR reactions were performed in a DNA Thermal Cycler (Perkin-Elmer Applied Biosystems, Rotkreuz, Switzerland) with 2 mL of the extracted DNA as template, 0.5 mM of each primer, 1 Unit Taq Polymerase (HotStarTaq Master Mix Kit, Qiagen AG, Hombrechtikon, Switzerland) in a total volume of 50 mL (manufacturer's buffer). For all the gene fragments (COI, 12S, 16S and 18S), the reaction mixtures were subjected to 15 min DNA denaturation at 94 C, 35 cycles of denaturation at 94 C for 1 min, annealing at 48-54 C for 1 min, and elongation at 72 C for 2 min. The elongation was completed by a further 7-min step at 72 C. The amplification and sequencing primers for all genes (Microsynth GmbH, Balgach, Switzerland) are listed in Appendix 2. Primers for 12S, 16S and COI were formerly already used in, for example, Bernasconi et al. (2010) and Germann et al. (2010) . With respect to 18S, the following primers were used for amplification and sequencing: 18S-A1984 (Forward = F) and 18S-S22 (Reverse = R) (both listed in Kubota et al. 2005) as well as 18S1.2F, 18Sai (F), 18Sa0.7 (F), and 18S9R (all listed in Whiting 2002) . Templates for direct sequencing were prepared by a simple purification step of PCR products using the QIAquick PCR Purification Kit (Qiagen AG, Hombrechtikon, Switzerland), or the NucleoSpin Extract II Kit (Macherey-Nagel AG, Oensingen, Switzerland), following the manufacturer's instructions in both cases. Alternatively, the purification of the PCR products was performed by adding to each PCR product 2 mL (1 U mL -1 ) Shrimp Alkaline Phosphatase (Promega AG, Wallisellen, Switzerland) and 1 mL (20 U mL -1 ) Exonculease I (New England Biolabs (Bioconcept), Allschwil, Switzerland). The ExoSAP protocol consisted of 45-min incubation at 37 C and 15-min deactivation at 80 C. Cycle sequencing reactions were performed in total volumes of 15 mL using an ABI Prism Big Dye Terminator Cycle Sequencing Kit (Perkin-Elmer Applied Biosystems, Rotkreuz, Switzerland), purified by using DyeEx 2.0 Spin Kit (Qiagen AG, Hombrechtikon, Switzerland) or NucleoSEQ Kit (Macherey-Nagel AG, Oensingen, Switzerland), on an ABI Prism 3100 Avant Genetic Analyser (Perkin-Elmer Applied Biosystems) or on an ABI 3730 DNA Analyser (Perkin-Elmer Applied Biosystems), again following the manufacturer's instructions.
DNA sequence alignment and phylogenetic analyses
The DNA sequences (COI, 12S, 16S and 18S) were edited with the Lasergene program Editseq (DNAstar Inc., Madison, WI, USA). Alignment of all gene sequences was performed using the Clustal W method as implemented in Megalign (DNAstar Inc.) with default multiple alignment parameters ('gap penalty = 15', 'gap length penalty = 6.66', 'delay divergent sqs(%) = 30', 'DNA transition weight = 0.50'). In the COI alignment, gaps were in multiples of three, within the reading frame. In general, the alignment of the rDNA gene fragments (12S, 16S and 18S) with the default parameters was satisfactory and did not require particular manual interventions. In a few 18S samples there were deletions of large segments ('blocks') of the gene. In these very clear cases the manual introduction of a 'gap block' allowed a correct alignment that would have been lost with the Table 2 . Number of dolichopodid species included in the phylogenetic analyses, listed by subfamily and zoogeographical region New data from species of the Palaearctic region and the New World range from one up to all four markers (a detailed overview can be taken from Appendix 1). Note that data for all species from the Oriental region were retrieved from GenBank, and were previously published in Lim et al. (2010) Palaearctic region 
automatic procedure. However, to increase the quality and reliability of our data alignment, the 'Q-INS-I' method in the online MAFFT software (Multiple alignment program for amino acid or nucleotide sequences: http://mafft.cbrc.jp/alignment/ server/) was applied. This method considers secondary structure of RNA, and is recommended for an alignment of highly diverged ncRNAs. SequenceMatrix (Vaidya et al. 2011 ) was used for data concatenation. Phylogenetic reconstruction was carried out using Bayesian analysis (BAY), performed with MrBayes ver. 3.1.2 (Ronquist and Huelsenbeck 2003) on a personal computer and on the freely available server facility of the University of Oslo Bioportal (http:// www.bioportal.uio.no), and with the Maximum Likelihood (ML) method using the RAxML Web-Servers ver. 7.0.4 (Stamatakis et al. 2008) . Modelltest 3.5 (Posada and Crandall 1998) enabled us to identify the evolutionary model(s) fitting the data best for both the BAY and ML analyses (this was done for each single gene partition). The data were partitioned by gene (COI, 12S, 16S and 18S) and the COI gene was further partitioned by codon position.
In the case of the ML analyses, 1000 bootstrap pseudoreplicates were applied. Concerning the Bayesian analysis, the Markov Chain Monte Carlo search was run with four chains (one cold and three heated) for 5-10 million generations, with trees being sampled every 100 generations. The heating of the chains was adjusted to get the acceptance rates for the swaps between chains to 10-70% ('temp' parameter therefore varied between 0.001 and 0.08). Thirteen independent trials on the concatenated dataset were therefore performed (previous trials on the single-gene partitions were executed as well) until optimal values of the various parameters were obtained. To determine the 'burn-in', log-likelihood plots were examined for stationarity (where plotted values reach an asymptote). Moreover, convergence and stationarity of all runs were further interpreted using Tracer ver. 1.5.0 (Rambaut and Drummond 2009) . Preliminary analyses (involving the single genes as well as the combined dataset) performed using the Maximum Parsimony (MP) and the Neighbour Joining (NJ) method were carried out with MEGA (Molecular Evolutionary Genetics Analysis ver. 4.0.2: Tamura et al. 2007 ), TNT ver. 1.1 (Goloboff et al. 2008) , and PAUP*4.0b10 (Swofford 2002) . DAMBE (Data Analysis in Molecular Biology and Evolution ver. 5.0.45: Xia and Xie 2001) was applied to test for possible data saturation in the genes analysed.
Results
Phylogenetic analysis
All new sequences analysed here have been deposited in GenBank (see also Appendix 1) with the following accession numbers: 16S: HQ448954-HQ449038; 12S: HQ449039-HQ449047; 18S: HQ449048-HQ449120; COI: HQ449121-HQ449174.
Our Single gene partitions were further aligned using MAFFT. 18S was divided into two partitions (one for the samples from the Oriental Region and the other one for all the others). The reasons for this strategy were: (1) the fragments are overlapping for 350 nucleotides, but were generated using different primer combinations; (2) MAFFT was unable to recognise that the 18S fragments are only partially overlapping, and treated them as fully homologous, which resulted in an erroneous alignment; (3) the Q-INS-i option in MAFFT is applicable only to sequence data shorter than 1000 nucleotides.
Overall, the alignments obtained with MAFFT were similar (or identical) to those generated with Clustal (MAFFT/Clustal W): 16S (611/594), COI (both 810), 12S (833/785), 18S 'Oriental' (both 945), 18S 'rest' (941/948). The alignment used for the final analyses was that obtained with the Clustal W method (18S manually adjusted where necessary, see Material and Methods).
Nucleotide saturation was analysed by plotting the number of transitions and transversions of the entire 12S, 16S, 18S and COI gene sequences (and for each codon position for COI as well) against the Felsenstein 84 (Kishino and Hasegawa 1989) genetic distance using DAMBE. Saturation plots are presented in Appendix 3. The curves for most genes showed little evidence for saturation with the exception of the COI first codon (transitions) and third codon position (both transitions and transversions). However, in agreement with the evidence in Källersjö et al. (1999) , and Bernasconi et al. (2007b) concerning the specific dolichopodid case, we did not exclude these codon positions from the analyses.
Overview
The monophyly of Dolichopodidae sensu stricto with Microphorinae as its sister group was strongly (BAY: 100%) to moderately (ML: 74%) supported in our analyses (Figs 1 and  2) . Surprisingly, Parathalassiinae formed a strongly (BAY: 100%) to poorly (ML: <50%) supported clade with a hydrophorine lineage (Lineage C, composed of Thinophilus and Nanothinophilus) within Dolichopodidae sensu stricto.
Within Dolichopodidae sensu stricto, there are several unresolved polytomies at the base of the radiation. Also, some relationships between higher taxonomic units (mostly subfamily level) are supported by low posterior probabilities and/or bootstrap values (Figs 1 and 2) . The Bayesian analysis identified a moderately supported (BAY: 72%) group composed of Sympycninae, Stolidosomatinae, Xanthochlorus Loew, 1857, Aphrosylus Haliday in Walker, 1851, European and Neotropic Hydrophorinae (Lineage A), Anepsiomyia Bezzi, 1902, and Symbolia Becker, 1921 (Fig. 1) .
In another clade (BAY: 92%; ML: <50%) (Figs 1 and 2) Sciapodinae and Diaphorinae cluster together with strong (BAY: 100%) or insufficient (ML: <50%) support, and comprise the sister clade to a group formed by Peloropeodinae (Lineage A) and Dolichopodinae (BAY: 93%; ML: <50%).
Neither Xanthochlorinae nor Kowmunginae clustered within defined subfamilies or genera and hence do not render other subfamilies paraphyletic. The position of Xanthochlorinae and Aphrosylus varies depending on the analysis. The position of Kowmunginae also remains uncertain: it is either unresolved at the basis of the radiation (BAY) or in a sister clade relationship (but ML: <50%) with Parathalassiinae + Hydrophorinae Lineage C.
Monophyletic subfamilies
Five of the 12 subfamilies represented by multiple species, namely Achalcinae, Dolichopodinae, Parathalassiinae, Sciapodinae, and Stolidosomatinae, are monophyletic, nearly always with strong support in both analyses (Figs 1 and 2) . Only the Sciapodinae and Parathalassiinae clades were weakly supported in the Maximum Likelihood analysis (71% and 53%, respectively).
Stolidosomatinae, represented by three Neotropical species in two of the three extant genera, clustered within Sympycninae in a strongly supported clade (BAY: 99%; ML: 98%) (Figs 1 and 2 ).
Paraphyletic subfamilies
Another five subfamilies (Diaphorinae, Neurigoninae, Medeterinae, Rhaphiinae, Sympycninae) are paraphyletic in our analyses. In Diaphorinae, only the Neotropical Symbolia is excluded from the diaphorine clade, and forms a strongly (BAY: 100%) to poorly (ML: <50%) supported clade with the peloropeodine genus Anepsiomyia.
Neurigoninae, containing only Neurigona Rondani, 1856, is strongly supported in both analyses (BAY and ML: 100%); none of the analyses included Oncopygius Mik, 1866, whose position remains uncertain.
Medeterinae consist of a strongly supported (BAY: 100%; ML: 89%) clade of Medetera Fischer von Waldheim, 1819 and Dolichophorus Lichtwardt, 1902 in a sister group relationship with Thrypticus Gerstaecker, 1864 (BAY: 98%; ML: 63%), and a moderately to weakly (BAY: 70%; ML: 59%) supported one with Systenus Loew, 1857, and Harmstonia Robinson, 1964 (Enliniinae) (only BAY: 70%). In both analyses, the primarily Oriental medeterine genus Paramedetera Grootaert & Meuffels, 1997 is placed within the hydrophorine Lineage B (see further), with strong support only in the Bayesian analysis (96%).
Both analyses also retrieved strong node support for the Rhaphiinae (BAY: 100%; ML: 94%). Ngirhaphium Evenhuis & Grootaert, 2002 occupies an unresolved position in the Bayesian tree and contributes to an insufficiently supported (ML: <50%) clade with Rhaphiinae as well as the Achalcinae clade on the Maximum Likelihood tree. The sympycnine Lamprochromus Mik, 1878 clusters with Rhaphium Meigen, 1803 and Nematoproctus Loew, 1857, with strong (BAY: 96%) to moderate (ML: 74%) support.
All Sympycninae cluster in a strongly supported clade (BAY and ML: 100%) with identical composition in both analyses. The endemic Neotropical Stolidosoma Becker, 1922 and Pseudosympycnus Robinson, 1967 , assigned by Robinson (1967 Robinson ( , 1970 to a separate subfamily, Stolidosomatinae, represent a moderately (BAY: 88%; but ML: <50%) supported sister clade of a lineage that includes Palaearctic Sympycnus Loew, 1857 and a Neotropical species pair near Neoparentia Robinson, 1967 . As mentioned before, the sympycnine genus Lamprochromus is positioned within the Rhaphiinae clade.
Polyphyletic subfamilies
The subfamily Hydrophorinae is split into three lineages. Lineage A contains primarily Palaearctic species, together with a Neotropical taxon near Oedematopus Van Duzee, 1929. Lineage B includes only Oriental and Neotropical representatives of Cymatopus Kertesz, 1901 , Thambemyia Oldroyd, 1956 and Tinolestris Grootaert & Meuffels, 1988 . As mentioned before, the medeterine Paramedetera is placed in this clade, with strong (BAY: 96%) to low (ML: <50%) support. Hydrophorinae Lineage C encompasses Thinophilus Wahlberg, 1844 and Nanothinophilus Grootaert & Meuffels, 1998 and belongs to a larger clade together with Parathalassiinae, strongly supported in the Bayesian analysis.
The second polyphyletic subfamily, Peloropeodinae, is split into two multi-species lineages in both analyses. Lineage A contains mainly tropical species (together with the Palaearctic Acropsilus niger Loew, 1869) of five different genera, and features an identical composition in both analyses, albeit with strong support only in the Bayesian analysis (BAY: 87%; ML: <50%). It represents the sister clade to Dolichopodinae, however, with strong support only in the Bayesian analysis (BAY: 93%; ML: <50%). Peloropeodinae lineage B consists of two genera (Chrysotimus Loew, 1857 and Micromorphus Mik, 1878) , and is moderately supported only in the Bayesian analysis (BAY: 67%; ML: <50%).
Discussion
Overview
Both Microphorinae and Parathalassiinae are traditionally considered as sister taxa to Dolichopodidae Pollet and Brooks 2008) . This hypothesis was largely based on plesiomorphic characters in the wing (e.g. wing cell dm usually emitting three branches in Parathalassiinae and Microphorinae), and a non-metallic, grey body colour that is unusual in Dolichopodidae sensu stricto (Pollet and Brooks 2008) . The sister clade relationship between Microphorinae and Dolichopodidae sensu stricto + Parathalassiinae, as suggested by , is confirmed in the present study. Parathalassiinae, on the contrary, are placed within Dolichopodidae sensu stricto. These results thus refute a sister clade relationship between Parathalassiinae and all remaining Dolichopodidae sensu stricto, as proposed by Chvála (1988) , Ulrich (2003) and , but are in accordance with those obtained by Lim et al. (2010) . Parathalassiinae and Dolichopodidae sensu stricto share 16 synapomorphies (5 uniquely derived), 14 of which have the plesiomorphic state in Microphorinae . On the basis of our Bayesian analysis, Parathalassiinae forms a strongly supported clade (100%) together with the Hydrophorinae Lineage C. In the Maximum Likelihood tree, this relationship is present as well, albeit with low (<50%) statistical support.
Despite a few, but noteworthy, exceptions especially on the Bayesian tree, the 'basal' relationships within Dolichopodidae sensu stricto are poorly supported and older relationships were difficult to infer with confidence. With the molecular markers used, and despite our broad taxon sample, we were unable to obtain a better resolution in our phylogeny at the lowest nodes. This is somewhat surprising, as 18S usually provides good resolution at this level. Lim et al. (2010) already reported particularly short branches and poor support values for intersubfamily-level relationships with a similar lack of nucleotide saturation in Oriental Dolichopodidae. They explained this pattern as a rapid radiation event at this level.
Concerning the inclusion of genera/subfamilies represented by single species only (e.g. Aphrosylus, Xanthochlorus) in the analyses, we are aware of the ambiguity of the position of these samples on the phylogenetic trees and realize that more extensive sampling is needed.
Supported monophyly
Our analyses provide support for the monophyly of three subfamilies all represented by a broad taxon sampling. Achalcinae is confirmed here with molecular data for the first time since its establishment by Grootaert and Meuffels (1997a) . Previously, Achalcus had been assigned to a diverse array of subfamilies such as Hydrophorinae (Lundbeck 1912) , Rhaphiinae (Becker 1917 (Becker , 1921 Parent 1938) , Xanthochlorinae (Robinson 1970) , Systeninae (Ulrich 1981) , and Enliniinae (Negrobov 1986 (Negrobov , 1991 . The monophyly of Dolichopodinae, as established by Bernasconi et al. (2007b) , Pollet et al. (2010) with Palaearctic species, and by Lim et al. (2010) using Oriental samples, is confirmed here once more. On a lower taxonomic level, however, there are differences from previous studies. In this respect, the position of Lichtwardtia Enderlein, 1912 as a sister clade to all Palaearctic Dolichopodinae should be highlighted. A very close relationship (up to congeneric) with Dolichopus, as proposed by Brooks (2005) and Lim et al. (2010) , is rejected in our study. The monophyly of Sciapodinae, forming a morphologically well characterised group, which has been intensively studied in recent times by Bickel (see, for example, Bickel 1994) , is also well supported. Stolidosomatinae are monophyletic but are placed within Sympycninae. Therefore, Stolidosomatinae should be sunk as a separate lineage into Sympycninae.
Paraphyletic subfamilies -surprises and perspectives
The placement of Symbolia outside the strongly supported Diaphorinae needs further elaboration, preferably by adding more Symbolia species. Within Diaphorinae the seemingly polyphyletic nature of Asyndetus Loew, 1869 is surprising considering the strong morphological characterisation of this taxon (interrupted vein M 1 , sometimes with deplaced apical section), and thus also demands further study.
The uncertain placement of Oncopygius, which never clusters together with the other members of Neurigoninae, demonstrates the need for an extended taxon sampling, preferably including more Oncopygius species, as well as speciose Neotropical genera like Viridigona Naglis, 2003, Bickelomyia Naglis, 2002 and Dactylomyia Aldrich, 1894.
Systenus was initially placed in Rhaphiinae (mainly due to the apical insertion of the antennal arista) by Lundbeck (1912) , Becker (1917 Becker ( , 1921 , Parent (1938) , and Foote et al. (1965) . Robinson (1970) erected a separate, monogeneric subfamily for this genus (Systeninae), and finally Bickel (1986) transferred it to Medeterinae on the basis of several synapomorphies. Its moderately to weakly supported position in the medeterine clade together with Harmstonia, representing Enliniinae, should be tested by including more Achalcinae (e.g. Australachalcus Pollet, 2005 , Xanthina Aldrich,1902 and the other enliniine genus, Enlinia Aldrich, 1933. In fact, Harmstonia shares the lack of the 'bosse alaire' sensu Parent (1938) with Medeterinae (incl. Systenus) and Enliniinae. The phylogenetic significance of this feature, however, remains unclear. A close relationship of Paramedetera with Thrypticus and Corindia Bickel, 1986 (the latter genus is not included in our dataset) on the one hand, and with Medetera and Dolichophorus on the other hand was suggested by Grootaert and Meuffels (1997b) . Our results reveal no close relationship between Paramedetera and the Medeterinae clade. The present position of Paramedetera as part of the Hydrophorinae Lineage B is surprising.
Lamprochromus (Sympycninae) has to be included in Rhaphiinae; Ngirhaphium never clusters with the Rhaphiinae clade and its position remains uncertain.
The polyphyletic nature of Sympycnus within Sympycninae is striking, with Palaearctic representatives closely related to Neotropical taxa, and the Oriental species (possibly representing a genus different from Sympycnus) forming a clade with Oriental Hercostomoides Meuffels & Grootaert, 1997 .
Polyphyletic subfamilies
Hydrophorinae sensu Robinson (1970) are clearly polyphyletic in our analyses, with at least three separate and consistently strongly supported clades. Negrobov (1986 Negrobov ( , 1991 treated Hydrophorinae as subfamily but maintained three separate tribes: Aphrosylini (including Aphrosylus, Thambemyia), Thinophilini (including Thinophilus), and the more diverse Hydrophorini (including Eucoryphus Mik, 1869 , Hydrophorus Fallen, 1823 , Liancalus Loew, 1857 , Sphyrotarsus Mik, 1874 . Ulrich (1981) assigned Machaerium Haliday, 1832 to Hydrophorinae, which is confirmed in our analyses. Masunaga (1999) was the first to suggest the existence of distinct lineages within Hydrophorinae using genetic (and morphological) data, with one containing the freshwater-preferring Liancalus and Diostracus Loew, 1861, whereas the other was composed of the marine Acymatopus Takagi, 1965 , Conchopus Takagi, 1965 and Thambemyia. Most recently, Lim et al. (2010 found evidence for a division of Hydrophorinae into two clades, indicated as Aphrosylinae and Hydrophorinae.
Hydrophorinae Lineage A encompasses six genera closely related to the type genus Hydrophorus, four of which are listed in the tribe Hydrophorini sensu Negrobov (1986) .
Hydrophorinae Lineage B consists exclusively of tropical species of Cymatopus, Thambemyia and Thinolestris and does not contain Palaearctic Aphrosylus, which forms a morphologically surprising clade with Xanthochlorus. This separation between Palaearctic Aphrosylus and other 'aphrosyline' genera corresponds to the findings of Robinson and Vockeroth (1981) , who placed the American aphrosyline species in a separate genus, Paraphrosylus Becker, 1921 . They also stressed the close relationship of this Eastern American coastal lineage with Cymatopus and Thambemyia, which are restricted to rocky littoral surfaces along the Pacific coasts of the New World. Based on these considerations, we conclude that Hydrophorinae Lineage B does not represent Aphrosylinae, as indicated by Lim et al. (2010) . Instead, the subfamily name Aphrosylinae should be reserved for the lineage that contains Aphrosylus. The future inclusion of more Aphrosylus species and related taxa should provide further insights.
The strongly supported clade Hydrophorinae Lineage C, with Thinophilus and Nanothinophilus, corresponds well to Thinophilini sensu Negrobov (1986) . The genus Thinophilus is paraphyletic due to the inclusion of Nanothinophilus. Already in Lim et al. (2010) Nanothinophilus clustered within a larger sample of Thinophilus, so we strongly recommend that the generic status of Nanothinophilus be reconsidered. Robinson (1970) erected Peloropeodinae to include species previously belonging to Sympycninae. These species featured a more robust habitus, a flattened postscutellar depression and a larger and more complex hypopygium as compared with sympycnines. Robinson (1970) distinguished two lineages within Peloropeodinae, one with a globose (e.g. Peloropeodes Wheeler, 1890), and one with a cylindrical hypopygium (e.g. Micromorphus Mik, 1878, Chrysotimus). Negrobov (1986 Negrobov ( , 1991 , Pollet et al. (2004), and Bickel (2009) included this new subfamily in their catalogues and manuals. In contrast, Chrysotimus was still listed as a sympycnine by Dyte (1975) , Ulrich (1981) and Bickel and Dyte (1989) , and Micromorphus as incertae sedis by Bickel and Dyte (1989) . More recently, Grichanov (2000) proposed Peloropeodinae as synonym to Sympycninae. Lim et al. (2010) discovered between two and four distantly related clades, depending on the molecular phylogenetic analysis applied. Our study confirms the earlier proposals of Robinson (1970) , namely the separation of Peloropeodinae from Sympycninae, and the existence of (at least) two not closely related peloropeodine lineages. This only partly corresponds to the findings of Lim et al. (2010) , where the support for a tropical clade was much weaker with Griphophanes Meuffels, 1998 and Nepalomyia Hollis, 1964 included in the well supported (BAY: 87%) clade of Scotiomyia Meuffels & Grootaert, 1997 + Acropsilus. This clade, Peloropeodinae Lineage A, also contains Peloropeodes, the type genus. The other, moderately supported (BAY: 67%) peloropeodine clade (Lineage B) includes Palaearctic species of two genera (Chrysotimus, Micromorphus) with an otherwise worldwide distribution. Anepsiomyia, assigned to Peloropeodinae by Negrobov (1986 Negrobov ( , 1991 , does not belong to either of the aforementioned peloropeodine clades, and most probably represents a separate lineage (see also Bernasconi et al. 2007b ).
Conclusions
Our study strongly emphasises that a comprehensive dataset including samples from several zoogeographical regions can contribute substantially to the enhancement of our knowledge of the systematic structure within Dolichopodidae, a very species-rich empidoid fly family. Five of the 15 subfamilies of the Dolichopodidae sensu stricto are paraphyletic, and two further subfamilies are polyphyletic. With the confirmation of Microphorinae as sister group to all Dolichopodidae sensu stricto (including Parathalassiinae), the discovery of Stolidosomatinae as part of Sympycninae, and the polyphyletic nature of Hydrophorinae and Peloropeodinae, we provide strong evidence for the need for alternative and more natural taxonomic arrangements.
Within Dolichopodidae, the morphological characters traditionally used for taxonomical classification are often ambiguous. Some of these characters, for example, a pubescent scape of the antenna, can characterise an entire subfamily (e.g. Dolichopodinae), but are variable in other subfamilies (e.g. Argyra in Diaphorinae). Another example is the presence of a preapical bristle on the hind femur. Its absence is typical for Neurigoninae and Medeterinae, but this character varies greatly in other subfamilies, such as the Rhaphiinae. Also, character convergence as a result of parallel adaptations to similar habitat conditions (littoral zones, hygropetric habitats) can be assumed (e.g. genera in Hydrophorinae). In Peloropeodinae no elaborate efforts have been made to study the morphology of the different genera in detail, and this gap in our knowledge needs to be addressed in future studies, especially in light of the present results.
Additional protein-encoding nuclear genes as more conservative markers may provide a new source of important information on the systematic structure within Dolichopodidae. Just as important will be the inclusion of more genera, representing as many higher taxa (subfamilies, tribes) as possible. Dense taxon samples produce valuable information, as shown here, and by Lim et al. (2010) . In this way, hitherto unknown evolutionary lineages can be detected. However, we apparently also reached the limits of the widely used genetic markers, with two studies documenting particularly short branches at the intersubfamiliar relationship level, and poor or absent support at the base of the tree. Nevertheless, our study documents the need to revise the classification of this unusually species-rich dipteran family and provides a general basis for future studies.
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